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Integration of Low Dielectric Material in Semiconductor Circuit Structures 

This is a conversion of provisional application Serial Number 60/1 15,604 filed January 
5 12, 1999. 

Field of the Invention 

The present invention relates to provision of low RC time constant characteristics in 
semiconductor interconnection schemes. More specifically, the invention relates to integrated 
circuit designs and methods of applying insulative materials having low dielectric constants in 
1 0 order to reduce capacitance between conductive lines in such circuit designs. 

Background of the Invention 
As semiconductor process integration progresses the density of multilevel 
interconnection schemes continues to increase. At the same time the aggregate amount of 
interconnect on microprocessors and other complex integrated circuits continues to escalate. In 
1 5 fact, semiconductor interconnect requirements are considered one of the most demanding aspects 
of ultra large scale integration efforts. Among other concerns, it is becoming more difficult to 
sustain acceptable electrical performance as devices of growing complexity are manufactured at 
smaller geometries. Specifically, the speed of signals propagating on interconnect circuitry vary 
inversely with line resistance and capacitance. 
20 With feature sizes and spacings becoming smaller, the speed of an integrated circuit 

depends less on the switching device characteristics and depends more on the electrical properties 
of the interconnect structure. Conductors providing lower resistivity are desired in order to 
increase current density and insulators having lower dielectric constants are needed to reduce 
capacitance. Thus there is some motivation to not use Al interconnect and silicon dioxide 
25 insulator. (Silicon dioxide deposited by chemical vapor deposition has a dielectric constant of 4. 0 
or higher, depending on moisture content.) It is becoming necessary to apply new materials, e.g., 
metals having better conductive properties and insulators having lower dielectric constants, in 
order to maintain and improve electrical performance characteristics. In particular, efforts to 
reduce RC time delays and capacitive coupling have resulted in greater use of silicides and 
30 copper metalization schemes as well as the so called "low k" dielectrics, the latter being 

insulative materials characterized by relatively low dielectric constants relative to silicon dioxide. 
Nonetheless, RC delay and capacitive coupling are recognized as significant limiting factors 
affecting high frequency circuit performance. 

With regard to low k dielectrics, as geometries have extended below the 0.25 micron 
3 5 regime and move toward 0. 1 micron, the thermal and mechanical properties of these materials are 

1 
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of limited compatibility with current manufacturing processes. For example, due to desired 
porosity which helps decrease the dielectric constant, the mechanical properties are not well- 
suited for chemical-mechanical polishing (CMP). That is, the dielectric material, which is 
typically spun-on (in the case of polymers) or deposited (if inorganic), is relatively soft or flaky 

5 such that there is insufficient control during the polish step. Known accommodations include 
depositing more rugged cap dielectrics over the low k material in order to utilize established 
process equipment. For example, hydrogen silsesquioxane (k = 3, approx.), a strong candidate 
for replacing silicon dioxide, has high thermal stability, excellent gap-fill properties, and low 
current leakage. Nonetheless, because the material is not suitable for standard CMP, volume 

1 0 manufacture has required that an overcoat of silicon dioxide formed by Plasma Enhanced 

Chemical Vapor Deposition (PECVD) be applied prior to the CMP operation and polishing is 
limited to this cap layer. Use of cap material permits CMP processing but this is considered sub- 
optimal for high performance circuitry. The cap oxide, having a significantly higher dielectric 
constant, can influence some electrical circuit properties. Elimination of cap oxide will provide 

1 5 improved circuit performance. 

More generally, efforts continue to apply insulators having even lower dielectric 
constants (approaching k = 1 .5). The two most important properties for successful 
implementation of such materials in processes below 0.2 micron are considered to be adhesion (to 
dissimilar materials) and mechanical toughness (for CMP). Certain forms of hydrogen 

20 silsesquioxane can exhibit dielectric constants of approximately 1 .5 by controlling the void 

volume. They also exhibit relatively good adhesion to other materials such as metal bond pads 
and differing dielectric materials. Of course these favorable results may depend largely on 
optimized process conditions, e.g., the satisfactory cleaning of surfaces prior to formation of the 
dielectric thereon, but they appear attainable. In contrast to the advancements made in 

25 performance and materials compatibility, manufacturable solutions which accommodate the 

mechanical properties of low k dielectrics have been generally limited to provision of oxide cap 
polishing layers. A different approach, which does not require polishing of the low k dielectric 
material nor the provision of a relatively hard cap layer thereon, will simplify manufacture of 
multi-level interconnect schemes. 

30 

Summary of the Invention 

According to one aspect of the invention, a solution to the aforementioned problems 
begins with provision of an insulator material between interconnect members, followed by 
replacement of the insulator material with a dielectric material having a lower dielectric constant. 
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Generally, the invention enables relatively simple and cost efficient placement of 
insulative material having a low dielectric constant between interconnect members of a circuit 
structure. According to the invention, the structure is etched to remove oxide between or above 
conductive members. Utilization of an anisotropic etch assures that 
5 portions of the oxide are left in place, aligned with interconnect members. 

A circuit structure fabricated accordingly has a first level of interconnect members 
formed over a semiconductor layer and a lower level of interconnect members formed between 
the semiconductor layer and the first level of interconnect members. An insulative material such 
as silicon dioxide electrically isolates interconnect members of the lower level from devices 
1 0 formed along the semiconductor surface while a different insulative material, e.g., a low k 

dielectric such as hydrogen silsesquioxane, electrically isolates interconnect members of the first 

level from one another. 

The foregoing background and summary have outlined general features of the invention. 
Those skilled in the art may acquire a better understanding of the invention and the preferred 
1 5 embodiments with reference to the drawings and detailed description which follow. 
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Brief Description Of The Drawings 

A more complete understanding of the invention will be acquired from the detailed 
description which follows, when read in conjunction with the accompanying drawings in which: 

Figures la and lb illustrate in cross section a portion of a semiconductor circuit structure 
at an intermediate phase of fabrication; 

Figure 2 provides a partial perspective cut-away view of the Figure 1 circuit structure 
during a subsequent phase of fabrication according to the invention; 

Figure 3 depicts the circuit structure of Figure 2 after further processing; 

Figures 4a and 4b depict another portion of the circuit structure of Figures 1 after 
processing according to a second embodiment of the invention; 

Figures 5a and 5b illustrate a partially formed circuit structure for practicing the 
invention according to a third alternate embodiment; 

Figure 6a and 6b illustrate the structure of Figures 5 at a subsequent stage of processing; 

Figures 7a and 7b further illustrate the third embodiment of the invention; and 

Figures 8a and 8b illustrate still another circuit structure according to a fourth 
embodiment of the invention. 

Like numbers denote like elements throughout the figures and text. Features presented in 
the drawings are not to scale. 

Detailed Description 

Referring initially to Figures la and lb, there is illustrated in partial cross sectional views 
a conventionally formed semiconductor circuit structure 1 10 at an intermediate phase of 
fabrication. Generally the figure illustrates partial formation of a multilevel interconnect structure 
over a semiconductor surface 120 for connection with an exemplary semiconductor device 130 
formed thereon. The invention is particularly useful for complex CMOS structures as depicted 
herein, but is not at all limited to MOS devices or even silicon structures. Bipolar, BICMOS and 
compound semiconductor structures with multiple levels of circuit interconnect could incorporate 
the same concepts. Similarly the interconnect structure is not limited to specific types of 
materials. Al and Cu alloys are preferred over silicides, although combinations of these and other 
materials may provide suitable levels of conductance for specific circuit applications. 

The view of Figure la is taken along a first plane orthogonal to the semiconductor 
surface 120 in order to illustrate multiple levels of interconnect sequentially formed in alternating 
directions. Figure lb provides a different partial cross sectional view of the same structure 1 10, 
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taken along a second plane orthogonal to the semiconductor surface 120 and parallel to the first 
plane. With respect to Figures la and lb, there are shown a plurality of dielectric layers 140 
providing isolation for a plurality of devices 130 (one of such devices visible in the partial views), 
a lower interconnect level 150, several intermediate interconnect levels 160, 170 and an upper 
5 interconnect level 1 80. Each interconnect level comprises a plurality of individual conductor 
members 200 commonly formed of an Al alloy (e.g., 0.5% Cu). The dielectric layers 140 are, as 
is common, a multilayer silicon dioxide deposit (k = 3.9 approx.) comprising, for example, HDP 
oxide (silicon dioxide formed by high density plasma deposition) underlying a lower density 
oxide formed from TEOS (decomposition of tetraethyl orthosilicate). All of the aforementioned 
1 0 interconnect levels are global. Although not described in the figures, the structure could 
incorporate local interconnect conductor in addition to, or in lieu of, level 150. 

In this example structure the members 200 of each interconnect level are parallel to one 
O another, and the parallel members of each interconnect level are orthogonal with respect to 

C members in both the previously-formed and the next-formed ones of the sequentially formed 

p 1 5 levels of interconnect. The first and second planes (of Figures la and lb, respectively) pass 
"jf through interconnect levels 150 and 170 to provide a view in cross section of several individual 

^ members 200 associated with each of these two levels. The first plane, along which only the 

\, view of Figure 1 is taken, also passes through an individual member 200 of interconnect level 

1J 160 as well as through an individual member 200 of interconnect level 180. The second plane, 

7= 20 along which the view of Figure 2 is taken, passes between two members 200 of interconnect level 
A 160 as well as between two members 200 of interconnect level 180. 

The various levels of interconnect and the device 130 are connected through the oxide 
interlevel dielectric layers 140 with conventional metal-to-metal contacts. With the members 
200 comprising Al alloy, W contacts 210 are each conventionally formed in etched vias to 
25 connect portions of the device 130 with individual members 200. Specifically, contacts 210 are 
formed in vias by first depositing a first Ti barrier layer, approximately 60 nm (at 400C), 
followed by depositing approximately 750 A of TiN (also at 400C) and then annealing. 
Approximately 400 nm of W is then deposited (at 425C) and the structure is polished. 

After defining each level of W contacts 210 the overlying interconnect level is formed, 
3 0 generally by a 400C sequential sputter to form a TiyTiN stack (37 nm of Ti, 60 nm of TiN), 

followed by depositing 400 to 700 nm of Al/Cu alloy and 25 nm of TiN. Interconnect members 
200 are then patterned and etched in each of the interconnect levels. Over each of the 
interconnect levels 150, 160 and 170, the silicon dioxide dielectric layers 140 are deposited (HDP 
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followed by TEOS) followed by a metal topographic reduction (e.g., flow of planarization resist 
and etchback) to prepare the surface for the next cycle of contact formation. 

According to the invention, no deposition of silicon dioxide is needed to fill spaces 
between conductive members of interconnect level 180 or to cover interconnect level 180. 
Instead, the structure 110, having exposed members 200 of interconnect level 180, is etched to 
remove portions of the silicon dioxide layer 140 residing between interconnect levels 170 and 1 80 
as well as portions between the conductive members 200 of interconnect level 170. The resulting 
structure is illustrated in the partial perspective cut-away view of Figure 2, wherein conductive 
members of interconnect level 170 are denoted by reference numeral 200-M170; and conductive 
members of interconnect level 180 are denoted by reference numeral 200-M180. The oxide layer 
140 extending from interconnect level 160 up to interconnect level 170 (denoted by reference 
numeral 140a in Figure 2) is left exposed by the etch process. Preferably this oxide removal is 
effected with an anisotropic reactive ion etch, leaving oxide elements 220 of silicon dioxide 
between members 200-170 of interconnect level 170 and members 200-180 of interconnect level 
180. Although not shown in the figures, the etch step could further remove portions of layer 140a 
to eliminate effects of having a relatively high k dielectric in fringe regions adjacent conductive 
members 200. 

Due to the anisotropic nature of the etchant, the residual elements 220 are self-aligned 
with overlying members 200-180. At this step of the process it is believed that the dielectric 
oxide elements 220 serve as support structures adding rigidity to the conductive members 200- 
1 80. This is important to sustain the integrity of the exposed members 200 as well as the spatial 
relationships between members on the same and different levels of interconnect. However, the 
spacings of W contacts 210 and the relative dimensions of the members 200-180 may assure 
sufficient stability between exposed members 200 as to render the oxide elements 220 
unnecessary. To preserve the conductor members 200, the preferred etch chemistry is highly 
selective, e.g., 30:1 ratio, with respect to the Al/Cu composition of the members. The following 
chemistry and conditions are exemplary: 

Tool Power (watts) 

Top power 500 - 1500 
Bias Power 1000-2000 



Gas Flow (seem) 

Argon 20 - 150 
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Oxygen4 - 10 
C4F8 4 - 10 

CO 0-20 . 

Nitrogen 20 - 60 

5 

Pressure (mT) 28 

After a solvent clean, e.g., Aleg 3 10, a low k dielectric is applied. The low k dielectric 
should have suitable fill properties for the geometries involved. For design rules with minimum 

1 0 interconnect spacings of 0.32 micron preferred choices include: (a) spin-on-glasses such as 
hydrogen silsesquioxane (HSQ 5 k ranging from approx. 2.7 to 3.5) (Flowable Oxide), methyl 
silsesquioxane (MSSQ) (available from Allied Signal) and organo silsesquioxane (k ranging 
from approx. 2.7 to 3.5) (Acuspin); (b) CVD Polymers including Parylene N (k approx. 2.6), 
Teflon CVD fluorocarbons (k =1.93) and thermal CVD fluorocarbons (k approx. 1.9); (c) spin- 

1 5 on polymers such as polyamides (k ranging from approx. 2.7 to 2.9) and fluorinated polyamides 
(k ranging from approx. 2.3 to 2.5); (d) plasma polymers including fluorinated amorphous carbon 
(k = 2.1) and fluorinated hydrocarbon (k ranging from 2.0 to 2.4); and (e) nanofoam 

polymers/aerogels such as porous polyamides (k approx. 2) and nanoporous Silica Aeorogel (k < 
2). Of the foregoing, HSQ and MMSQ are known to have desirable gap fill properties. For 
20 Damascene Cu processes discussed below choices include benzocyclotene, Paralyne-N and 
Polyimide. 

By way of example, HSQ may be applied to the exposed surface of oxide layer 140a and 
completely around the exposed surfaces of oxide elements 220 to cover the conductive members 
200-170 and 200-180. The structure is then baked at 300C to 400C for 30 minutes followed by a 
25 30 minute cure in a nitrogen atmosphere (e.g., 400C). 

Figure 3 illustrates the resulting circuit structure 1 10 in partial cross sectional view 
along the same plane as the view of Figure lb. A conductive member 200 of each interconnect 
level 160 and 180, although not residing in the plane, is illustrated with phantom lines in Figure 3. 
A low k dielectric layer 250 fills the previously etched voids, extending from the oxide layer 140a 
30 to between the conductive members 200 of interconnect level 1 80 and generally overlying the 
level 180. A silicon dioxide layer 270 is formed over the layer 2500 and a silicon nitride cap 
layer 280 is deposited over this. Standard bond pad formation follows. 

For this and other embodiments of the invention, it should be noted that the etch can be 
performed over select areas of the wafer being processed, e.g., areas of the integrated circuit 
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having high density interconnect structure, while masking other portions of the wafer, e.g., with 
photo resist. This provides flexibility to draw upon the superior strength or thermal conductivity 
properties of silicon dioxide in regions where these characteristics are desired or where is of 
lesser importance to provide low k dielectric material. 

The concepts disclosed with reference to Figures 1, 2 and 3 apply to more than two levels 
in a multilevel interconnect structure, e.g., removal of two or more levels of adjoining oxide 
layers 140 (see again Figure la) followed by application of low k dielectric material into all levels 
of exposed interconnect structure. According to a second embodiment of the invention Figures 
4a and 4b again illustrate in partial cross sectional view the circuit structure 1 10 at an 
intermediate phase of fabrication. The view of Figure 4a is taken along the same plane as the 
view of Figure la but along a different portion of the circuit structure 110 where members 200 of 
interconnect level 170 are aligned over members 200 of interconnect level 150 resulting in 
aligned pairs of members 200. 

The view of Figure 4b, taken along the same plane as the view of Figure lb, further 
illustrates the aligned pairs of members 200 from levels 150 and 170. Portions of silicon dioxide 
layers 140 have been anisotropically etched from the upper interconnect level 1 80 through the 
intermediate interconnect levels 170 and 160 and at least through the lower interconnect level 
150. Residual oxide elements 220 are self-aligned with overlying members 200. The resulting 
voids are filled with a low k dielectric layer 350. 

Due to gap-fill limitations of some low k dielectrics, particularly those having a k value 
less than 2.5, it may be more desirable to sequentially form low k layers as groups of two or more 
interconnect levels are formed. According to a third embodiment of the invention such an 
approach may begin with a partially formed circuit structure 400 illustrated in Figures 5 a, 5b 
wherein the same reference numerals used in preceding figures are used to denote similar 
features. Circuit structure 400 as so far illustrated in Figures 5 has two levels of interconnect 160 
and 170 but is otherwise similar to the circuit structure 1 10 of Figures 1 at an intermediate phase 
of fabrication. That is, the view of Figure 5a is taken along a first plane orthogonal to a 
semiconductor surface 120 in order to illustrate multiple levels of interconnect sequentially 
formed in alternating directions. The partial cross sectional view of Figure 5b is taken along a 
second plane orthogonal to the semiconductor surface 120, parallel to the first plane, and between 
two members 200 of interconnect level 160. 

With deposited silicon dioxide layers 140, contacts 210 formed therein provide 
connection between a device 130, lower interconnect level 150 and an intermediate interconnect 
level 160. Notably, and analogous to the non-filled regions between members 200 of 
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interconnect level 180 in Figures land 2, no silicon dioxide overlies interconnect level 160 or fills 
spaces between members 200 of the interconnect level 160. At this point in the fabrication 
process an anisotropic etch is applied to remove portions of the silicon dioxide layer 140 between 
interconnect levels 150 and 160 as well as through portions between the conductive members 200 
5 of interconnect level 150. The etch may continue below the interconnect level 150 as well to 
eliminate effects of having a relatively high k dielectric in fringe regions adjacent conductive 
members 200. 

Next a HSQ low k dielectric layer 350 is spun on or deposited, then baked at 350C for 30 
minutes followed by a 400C cure for 30 minutes in a nitrogen atmosphere. Preferably the HSQ 
1 0 deposition is of sufficient thickness to provide a minimum thickness layer over the interconnect 
level 160 of several hundred nm to assure provision of low k dielectric in fringe regions above 
conductive members 200 where fields contributing to capacitance may be prevalent. At this point 
J up to 600 nm of TEOS is applied by PECVD over the low k layer 350, followed by CMP. 

i Figure 6a (view taken along same plane as Figure 5 a) and Figure 6b (view taken along same 

J: 1 5 plane as Figure 5b) illustrate the resulting structure with a polished oxide cap layer 360 of 
fj sufficient thickness to begin formation of additional interconnect levels and connecting contacts. 

P: Figures 7a and 7b (views again taken along same planes as Figures 5 a and 5b) illustrate a 

: ; subsequent stage of processing with such additional interconnect levels 170a, 180a, 190a and 

hi 195a and the intermittent inclusion of additional cap layers 360 each formed in the manner 

J~ 20 already described with reference to Figure 4. Each oxide cap layer 360 may be thinned to 
,Q maximize the volume occupied by the low k dielectric layer 350. 

^ Still referring to Figures 7a and 7b, a final application of HSQ over interconnect levels 

190a and 195a provides the last layer 350 of low k dielectric. A silicon dioxide layer 370 and then 
a silicon nitride cap layer 380 are deposited over the low k layer 350 as shown in Figures 7a and 
25 7b such that standard bond pad formation may follow. Bond pad formation (not illustrated) may 
be had in a masked-patterned region such that the bond pads are formed on silicon dioxide to 
assure mechanical strength of the underlying dielectric. This illustrated portion of the resulting 
circuit structure has low k dielectric applied to reduce capacitance at and about all interconnect 
levels. 

30 The general concepts so far disclosed are applicable to a wide variety of interconnect 

systems. For example, the invention can be applied to multi-level dual Damascene interconnect 
structures. Figures 8a and 8b illustrate a circuit structure 410 incorporating the invention 
according to a fourth embodiment. A multilevel Cu interconnect structure overlies a 
semiconductor surface 420 for connection with an exemplary semiconductor device 430 formed 
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thereon. The partial cross sectional views of Figures 8a and 8b are, respectively, analogous to the 

views of Figures la and lb. 

Figure 8a, taken along a first plane orthogonal to the semiconductor surface 420, 
illustrates multiple levels of interconnect sequentially formed in alternating directions. Figure 8b 
5 is taken along a second plane parallel to the first plane. In these figures there are shown: a 
plurality of silicon dioxide interlevel dielectric layers 440 separating a lower Damascene 
interconnect level 450, several intermediate dual Damascene interconnect levels 460, 470, 480, 
and an upper dual Damascene interconnect level 490. Each level comprises a plurality of 
individual conductor members 500 and integrally formed contacts 505 (for connection to an 
1 0 underlying interconnect level) typically formed of electroplated Cu. The dielectric layers 440 
formed over the interconnect levels may be TEOS deposited silicon dioxide while the layer 440 
adjoining the semiconductor surface 420 may comprise HDP oxide underlying oxide formed from 
doped TEOS. 

In this example structure the members 500 of each interconnect level are parallel to one 
1 5 another, and the parallel members of each interconnect level are orthogonal with respect to 
members in both the previously-formed and the next-formed ones of the sequentially formed 
levels of interconnect. The first and second planes pass through interconnect levels 450 and 470 
to provide a view in cross section of several individual members 500 associated with each of 
these two levels. The first plane, along which the view of Figure 8a is taken, also passes through 
20 an individual member 500 of interconnect level 460 as well as through an individual member 500 
of interconnect level 480. The second plane, along which Hie view of Figure 8b is taken, passes 
between two members 500 of interconnect level 460 as well as between two members 500 of 
interconnect level 480. 
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The various levels of dual Damascene interconnect are connected through the oxide 
interlevel dielectric layers 440 while the device 430 is connected with conventional metal-to- 
metal W contacts 5 10 as described above with reference to contacts 210 for the embodiment 
shown in Figure 1. 

After defining the contacts 5 10 the Damascene interconnect level 450 is formed over a 
silicon nitride layer 455 (about 50 nm), over which there is sequential formation of the dual 
Damascene interconnect levels 460, 470 and 480, each formed through a stack deposit 
comprising a silicon nitride layer 455, a silicon dioxide dielectric layer 440 another silicon 
nitride layer 455 and another silicon dioxide layer 440 in accordance with normal processing for 
dual Damascene interconnect so that the structure is suitable for a next cycle of dual Damascene 
contact and interconnect formation. Level 490 is also formed in a stack layer comprising a 
silicon nitride layer, a silicon dioxide layer 440, another silicon nitride layer 455 and a silicon 
dioxide layer 440, all deposited over level 480. For simplicity, formation of barrier layers prior 
to electroplating, e.g., Ta/TaN, to prevent Cu migration is not illustrated. 

According to the invention, an etch is performed to reveal the level 490 and regions 
between level 480 and 490 and regions between the members 500 of level 480. 

As described for other embodiments the oxide removal is best effected with an 
anisotropic reactive ion etch, leaving silicon dioxide/silicon nitride/silicon dioxide stack elements 
520 between members 500 of interconnect level 490 and members 500 of interconnect level 480. 
See Figure 8b. 

The preferred etch chemistry, highly selective with respect to Cu, is essentially the same 
as described herein for embodiments of the invention incorporating Al interconnect. A low k 
dielectric material 550 is applied to fill voids about the levels 480 and 490 and to cover the 
interconnect structure. Subsequently, silicon dioxide layer 570 and nitride layer 580 are 
deposited. Bond pad formation follows. 

Although the described Damascene embodiment only illustrates provision of low k 
dielectric material about interconnect levels 480 and 490, alternate embodiments analogous to 
those already described herein for Al interconnect structures are apparent. That is, to provide 
desired electrical properties low k dielectric material can be applied to multiple levels of a 
Damascene interconnect structure, e.g., by sequential removal or by etching through multiple 
levels of silicon dioxide. 

The exemplary embodiments disclosed herein provide a basis for practicing the invention 
in a variety of ways on a wide selection of circuit structure designs. Such other constructions, 
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although not expressly described herein, do not depart from the scope of the invention which is 
only limited by the claims which follow. 

With regard to both the described embodiments and the claimed invention, multiple 
species of materials disclosed for practicing the invention are at times described or claimed 
generally as one material, e.g., silicon dioxide; and the various forms may be applied alone or in 
combination, e.g., in layers or discretely in separate portions of a circuit structure. While silicon 
dioxide is named as a material having a relatively high dielectric constant it should be understood 
that reference to applying silicon dioxide (or other material having a relatively high dielectric 
constant), means that application of various species of the material (having different densities and 
dielectric constants but all generally characterized by relatively high dielectric constants) is 
implied when consistent with acceptable practices for semiconductor manufacture. Reference to 
low k dielectric material and reference to material having relatively low dielectric constant 
distinguishes such material from other materials having relatively high dielectric constants; but 
does not limit the choice of materials described or claimed to one species or require that the 
resulting layers have identical dielectric properties wherever applied in a circuit structure. Thus, 
for example, generic reference to use of a dielectric material, having relatively low dielectric 
constant, in more than one portion of a structure does not mean that the identical dielectric 
material is used in those several portions, but rather, that the dielectric material present in all such 
portions is characterized by a relatively low dielectric constant. 
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We claim: 

1 LA semiconductor structure comprising: 

2 a first upper level of interconnect members formed over a semiconductor layer; 

3 at least one lower level of interconnect members formed between the semiconductor layer 

4 and the first upper level; 

5 a first insulative material, having a relatively low dielectric constant, positioned to 

6 electrically isolate members of the first upper level from one another and extending to the lower 

7 level of interconnect members; and 

8 a second insulative material, having a relatively high dielectric constant, positioned to 

9 electrically isolate members of the lower level from some of the electronic devices. 

1 2. The structure of claim 1 wherein a portion of the second insulative material extends 

2 between an interconnect member of the lower level and an interconnect member of the upper 

3 level. 

1 3. The structure of claim 1 wherein the second insulative material predominantly 

2 comprises silicon dioxide and the structure further includes a plurality of individual portions 

3 formed of the second insulative material, each portion extending between a member of the lower 

4 level and a member of the upper level and self-aligned with said member of the upper level. 

1 4. The structure of claim 1 including at least a second upper level of interconnect 

2 members formed over the first upper level. 

1 5. The structure of claim 1 further including a plurality of dielectric supports, formed of 

2 the same composition as the lower insulative material, each extending between one of the lower 

3 level interconnect members and one of the upper level interconnect members and providing 

4 physical support to sustain a spacial relationship between the lower level interconnect members 

5 and the upper level interconnect members. 

1 6. The structure of claim 1 wherein members of the first level comprise Al, the first 

2 insulative material comprises hydrogen silsesquioxane and the second insulative material 

3 comprises silicon dioxide. 

1 7. The structure of claim 1 further including a second upper level of interconnect 

2 members formed between the first upper level of interconnect members and the lower level of 

3 interconnect members wherein portions of the lower insulative material electrically isolate the 

4 second upper level of interconnect members from the lower level of interconnect members 

1 8. The structure of claim 1 further including: 

2 a plurality of additional upper levels of interconnect members formed between the first 

3 upper level and the lower level; 
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4 a first layer formed of the first insulative material and positioned between the first upper 

5 level and a first of the additional levels; and 

6 a second layer formed of the first insulative material and positioned between second and 

7 third ones of the additional levels . 

1 9, The structure of claim 1 comprising second, third, fourth and fifth upper levels of 

2 interconnect members formed between the first upper level and the lower level. 

1 10. The structure of claim 9 wherein the first, second, third, fourth and fifth upper levels 

2 are electrically isolated from one another by a continuous layer comprising the first insulative 

3 material. 

1 11. The structure of claim 9 wherein the first insulative material is a single species of low 

2 k dielectric material and the second insulative material predominantly comprises silicon dioxide. 

1 12. The structure of claim 9 wherein multiple layers each comprising the first insulative 

2 material electrically isolate the first, second, third, fourth and fifth upper levels from one another. 

1 13. The structure of claim 1 further including a second upper level of interconnect 

2 members formed between the first level of interconnect members and the lower level of 

3 interconnect members wherein portions of the second insulative material extend to electrically 

4 isolate the second upper level of interconnect members from the lower level of interconnect 

5 members. 

1 14. The structure of claim 12 wherein portions of the second insulative material extend 

2 between two or more of the upper levels. 
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15. The structure of Claim 1 further including: 

a first plurality of conductive portions extending at least between the upper level of interconnect 
and the lower level of interconnect; and 

a second plurality of conductive portions extending at least between the lower level of 
interconnect and some of the electronic devices. 

16. The structure of claim 15 wherein the first plurality of conductive portions are 
integrally formed with members of the first upper level in a dual Damascene structure. 

17. The structure of claim 15 wherein all of the members predominantly comprise Al. 

18. The structure of claim 1 wherein the first insulative material extends from the first 
upper level to electrically isolate members of the lower level from one another. 

19. The structure of claim 1 further including at least a second upper level of interconnect 
members formed over the first upper level of interconnect members with the first insulative 
material extending from the first upper level to electrically isolate members of the second upper 
level from one another. 

20. A semiconductor structure comprising: 

a first upper level of interconnect members formed over a semiconductor layer; 

a lower level of interconnect members formed between the semiconductor layer and the 
first upper level; and 

insulative material positioned to electrically isolate portions of the upper level of 
interconnect members from one another, portions of the upper level of interconnect members 
from portions of the lower level of interconnect members and portions of the lower level of 
interconnect members from one another, 

said insulative material comprising a continuous layer extending from within regions 
between members of the upper level of interconnect to within regions between members of the 
lower level of interconnect, said continuous layer characterized by a dielectric constant less than 
3.9. 
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1 21. The structure of claim 20 wherein the insulative material further includes portions 

2 extending between individual members of the upper level and individual members of the lower 

3 level, said portions formed of material having a dielectric constant greater than that of said 

4 continuous layer. 

1 22. A method for forming a semiconductor structure, comprising: 

2 depositing a first insulative layer over a semiconductor layer; 

3 forming a lower level of interconnect members over the first insulative layer; 

4 depositing a second insulative layer between and over lower level interconnect members; 

5 forming an upper level of interconnect members over the second insulative layer 

6 removing portions of the second insulative layer positioned between interconnect 

7 members of the lower and upper levels; and 

8 forming a third insulative layer in regions from which the second insulative layer is 

9 removed. 

1 23 . The method of claim 22 wherein the second insulative layer comprises silicon 

2 dioxide and the third insulative layer has a relatively low dielectric constant relative to the second 

3 insulative layer. 

1 24. The method of claim 22 further including the steps of: 

2 forming an additional level of interconnect members over the lower level of interconnect 

3 members; 

4 forming an additional insulative layer between and over members of said additional level; 

5 and 

6 replacing portions of the additional insulative layer with material having a low dielectric 

7 constant relative to silicon dioxide. 

1 25 . The method of claim 22 further including, 

2 forming a plurality of additional levels of interconnect members over the lower level of 

3 interconnect members; 

4 positioning additional insulative material between and over each of said additional levels 

5 of interconnect members; and 

6 replacing portions of the additional insulative material with material having a low 

7 dielectric constant relative to silicon dioxide. 

1 26. The method of claim 22 wherein the step of forming an upper level of interconnect 

2 members over the second insulative layer comprises formation of a dual Damascene structure. 
1 27. A method for fabricating an integrated circuit structure comprising: 
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2 forming multiple levels of conductor lines over one another with some of the levels 

3 separated from one another by a layer of first insulative material; 

4 replacing portions of the first insulative material with a second insulative material having 

5 a dielectric constant lower than that of the first insulative material. 

1 28. The method of claim 27 wherein the step of replacing portions of the first insulative 

2 material includes placing the second insulative material between conductor lines in at least one 

3 level. 

1 29. The method of claim 28 wherein the step of replacing portions of the first insulative 

2 material comprises etching the first insulative material with one or more of the conductor lines 

3 masking other portions of the first insulative material thereby retaining said other portions in the 

4 integrated circuit structure. 

1 30. The method of claim 29 wherein said other portions are self-aligned with masking 

2 conductor lines. 

1 3 1 . A method for fabricating an integrated circuit having interconnect members formed 

2 over a semiconductor surface, comprising: 

3 providing a first insulator material between interconnect members; 

4 replacing portions of the first insulator material with a dielectric material having a lower 

5 dielectric constant than the first insulator material. 

1 32. The method of claim 3 1 wherein the first insulator material comprises silicon dioxide 

2 and the dielectric material is hydrogen silsesquioxane. 

1 33 . The method of claim 3 1 wherein the step of replacing the first insulator material 

2 comprises etching the first insulator material. 
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Abstract 

A structure and method for fabricating integrated circuits with improved electrical 
performance. 

The structure comprises electronic devices formed along a semiconductor surface, a first 
upper level of interconnect members over the semiconductor surface, 

a lower level of interconnect members formed between the semiconductor surface and the first 
upper level, and insulative material positioned to electrically isolate portions of the upper level of 
interconnect members from one another. The insulative material comprises a continuous layer 
extending from within regions between members of the upper interconnect level to within regions 
between members of the lower interconnect level and is characterized by a dielectric constant less 
than 3.9. 

The method begins with a semiconductor layer having electronic device regions thereon. 
A first insulative layer is deposited over the electronic device regions and a lower level of 
interconnect members is formed over the first insulative layer. A second insulative layer is 
formed between and over lower level interconnect members and an upper level of interconnect 
members is formed over the second insulative layer. Portions of the second insulative layer 
positioned between interconnect members of the lower and upper levels are removed and a third 
insulative layer is formed in regions from which the second insulative layer is removed. 
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IN THE UNITED STATES 
PATENT AND TRADEMARK OFFICE 

Declaration and Power of Attorney 



As a below named inventor, I hereby declare that: 

My residence, post office address and citizenship are as stated below next to my name. 

I hereby claim the benefit under Title 35, United States Code, 1 19(e) of any United 
States provisional application(s) identified below: 

Provisional application No. 60/115604, filed on January 12, 1999. 

I believe I am an original, first and joint inventor of the subject matter which is claimed 
and for which a patent is sought on the invention entitled Integration Of Low Dielectric 
Material In Semiconductor Circuit Structures the specification of which is attached hereto. 

I hereby state that I have reviewed and understand the contents of the above identified 
specification, including the claims, as amended by an amendment, if any, specifically referred to 
in this oath or declaration. 

I acknowledge the duty to disclose all information known to me which is material to 
patentability as defined in Title 37, Code of Federal Regulations, 1 .56. 

I hereby claim foreign priority benefits under Title 35, United States Code, 119 of any 
foreign application(s) for patent or inventor's certificate listed below and have also identified 
below any foreign application for patent or inventor's certificate having a filing date before that of 
the application on which priority is claimed: 

None 

I hereby claim the benefit under Title 35, United States Code, 120 of any United States 
application(s) listed below and, insofar as the subject matter of each of the claims of this 
application is not disclosed in the prior United States application in the manner provided by the 
first paragraph of Title 35, United States Code, 112, I acknowledge the duty to disclose all 
information known to me to be material to patentability as defined in Title 37, Code of Federal 
Regulations, 1 .56 which became available between the filing date of the prior application and 
the national or PCT international filing date of this application: 

None 

I hereby declare that all statements made herein of my own knowledge are true and that 
all statements made on information and belief are believed to be true; and further that these 
statements were made with the knowledge that willful false statements and the like so made are 
punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States 
Code and that such willful false statements may jeopardize the validity of the application or any 
patent issued thereon. 
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I hereby appoint the following attorney(s) with full power of substitution and revocation, 
to prosecute said application, to make alterations and amendments therein, to receive the 
patent, and to transact all business in the Patent and Trademark Office connected therewith: 



Thomas J. Bean 
Lester H. Birnbaum 
Richard J. Botos 
Jeffery J. Brosemer 
Kenneth M. Brown 
Craig J. Cox 
Donald P. Dinella 
Guy H. Eriksen 
Martin I. Finston 
William S. Francos 
Barry H. Freedman 
Julio A. Garceran 
Mony R. Ghose 
Jimmy Goo 
Anthony Grillo 
Stephen M. Gurey 
John M. Harman 
Michael B. Johannesen 
Mark A. Kurisko 
Irena Lager 
John B. Maclntyre 
Christopher N. Malvone 
Scott W. McLellan 
Martin G. Meder 
John C. Moran 
Michael A. Morra 
Gregory J. Murgia 
Claude R. Narcisse 
Joseph J. Opalach 
Neil R. Ormos 
Eugen E. Pacher 
Jack R. Penrod 
Gregory C. Ranieri 
Scott J. Rittman 
Ferdinand M. Romano 
Eugene J. Rosenthal 
Bruce S. Schneider 
Ronald D. Slusky 
David L. Smith 
Ozer M. N. Teitelbaum 
John P. Veschi 
David Volejnicek 
Charles L. Warren 
Jeffrey M. Weinick 
Eli Weiss 



(Reg. No. P-44528) 
(Reg. No. 25830) 
(Reg. No. 32016) 
(Reg. No. 36096) 
(Reg. No. 37590) 
(Reg. No. 39643) 
(Reg. No. 39961) 
(Reg. No. 41736) 
(Reg. No. 31613) 
(Reg. No. 38456) 
(Reg. No. 26166) 
(Reg. No. 37138) 
(Reg. No. 38159) 
(Reg. No. 36528) 
(Reg. No. 36535) 
(Reg. No. 27336) 
(Reg. No. 38173) 
(Reg. No. 35557) 
(Reg. No. 38944) 
(Reg. No. 39260) 
(Reg. No. 41170) 
(Reg. No. 34866) 
(Reg. No. 30776) 
(Reg. No. 34674) 
(Reg. No. 30782) 
(Reg. No. 28975) 
(Reg. No. 41209) 
(Reg. No. 38979) 
(Reg. No. 36229) 
(Reg. No. 35309) 
(Reg. No. 29964) 
(Reg. No. 31864) 
(Reg. No. 29695) 
(Reg. No. 39010) 
(Reg. No. 32752) 
(Reg. No. 36658) 
(Reg. No. 27949) 
(Reg. No. 26585) 
(Reg. No. 30592) 
(Reg. No. 36698) 
(Reg. No. 39058) 
(Reg. No. 29355) 
(Reg. No. 27407) 
(Reg. No. 36304) 
(Reg. No. 17765) 
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Please address all correspondence to the Docket Administrator (Rm. 3C-512), Lucent 
Technologies Inc., 600 Mountain Avenue, P. 0. Box 636, Murray Hill, New Jersey 07974-0636. 
Telephone calls should be made to Ferdinand M Romano by dialing 407-371-3250. 

Full name of 1st joint inventor: Huili/Shao 

Inventor's signature / ^tA^ Date 

Residence: Orlando, Orange County, Florida 

Citizenship: United States of America 

Post Office Address: 1 0431 Emerald Woods Avenue 

Orlando, Florida, 32836 

Full name of 2 nd inventor: Susan Clay Vitkavage _ 



Inventor's signature ^ t r^A\(%2^ Dat6 ^ 



Residence: Orlando, Orange County/ Florida 

Citizenship: United States of America 

Post Office Address: 9525 Portbury Drive 

Orlando, Florida, 32836 



Full name of 3 rd inventor: Allen Yen 

Inventor's signature / ^^^3^ Date _L^J_^ / 




Residence: Orlando, Orange Countj^Florida 

Citizenship: United States of America 

Post Office Address: 1 0432 Emerald Woods Avenue 

Orlando, Florida, 32836 



